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We focused on determining the most accurate and convenient genotyping methods and most appropriate
single nucleotide polymorphism (SNP) among four such polymorphisms associated with interleukin-28B
(IL-28B) in order to design tailor-made therapy for patients with chronic hepatitis C virus (HCV) patients.
First, five different methods (direct sequencing, high-resolution melting analysis [HRM], hybridization probe
[HP], the InvaderPlus assay [Invader], and the TaqMan SNP genotyping assay [TaqMan]) were developed for
genotyping four SNPs (rs11881222, rs8103142, rs8099917, and rs12979860) associated with IL-28B, and their
accuracies were compared for 292 Japanese patients. Next, the four SNPs associated with IL-28B were
genotyped by Invader for 416 additional Japanese patients, and the response to pegylated interferon/ribavirin
(PEG-IFN/RBV) treatment was evaluated when the four SNPs were not in linkage disequilibrium (LD). HRM
failed to genotype one of the four SNPs in five patients. In 2 of 287 patients, the results of genotyping rs8099917
by direct sequencing differed from the results of the other three methods. The HP, TaqMan, and Invader
methods were accurate for determination of the SNPs associated with IL-28B. In 10 of the 708 (1.4%) patients,
the four SNPs were not in LD. Eight of nine (88.9%) patients whose rs8099917 was homozygous for the major
allele were virological responders, even though one or more of the other SNPs were heterozygous. The HP,
TaqMan, and Invader methods were suitable to determine the SNPs associated with IL-28B. The rs8099917
polymorphism should be the best predictor for the response to the PEG-IFN/RBV treatment among Japanese
chronic hepatitis C patients.

Hepatitis C virus (HCV) infection is a global health prob-
lem, with worldwide estimates of 120 to 130 million carriers
(7). Chronic HCV infection can lead to progressive liver dis-
ease, resulting in cirrhosis and complications, including decom-
pensated liver disease and hepatocellular carcinoma (25). The
current standard of care treatment for suitable patients with
chronic HCV infection consists of pegylated alpha 2a or 2b
interferon (PEG-IFN) given by injection in combination with

oral ribavirin (RBV), for 24 or 48 weeks, dependent on HCV
genotype. Large-scale treatment programs in the United States
and Europe showed that 42 to 52% of patients with HCV
genotype 1 achieved a sustained virological response (SVR) (3,
8, 13), and similar results were found in Japan. This treatment
is associated with well-described side effects (such as a flu-like
syndrome, hematologic abnormalities, and neuropsychiatric
events) resulting in reduced compliance and fewer patients
completing treatment (2). It is valuable to predict an individ-
ual’s response before treatment with PEG-IFN/RBV to avoid
these side effects, as well as to reduce the treatment cost. The
HCV genotype, in particular, is used to predict the response:
patients with HCV genotype 2 or 3 have a relatively high rate
of SVR (70 to 80%) with 24 weeks of treatment, whereas those
infected with genotype 1 have a much lower rate of SVR
despite 48 weeks of treatment (8).

Recently, we reported from genome-wide association stud-
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ies (GWAS) that several highly correlated common single nu-
cleotide polymorphisms (SNPs), located in the vicinity of the
lambda 3 interferon (IFN-�3), coded for by the interleukin-
28B (IL-28B) gene on chromosome 19, are implicated in non-
virological response (NVR) to PEG-IFN/RBV among patients
with HCV genotype 1 (21). At almost exactly the same time as
our report, the association between response to PEG-IFN/

RBV and SNPs associated with IL-28B was reported from the
results of GWAS by two other groups (6, 19). Determination of
these SNPs associated with IL-28B before PEG-IFN/RBV
treatment will provide extremely valuable information, be-
cause the patients predicted as showing NVR to PEG-IFN/
RBV treatment could avoid the treatment. There are two
questions to be asked before using these SNPs in clinical prac-
tice: (i) which methods for genotyping these SNPs are efficient,
and (ii) which SNP is most informative in cases where the SNPs
are not in linkage disequilibrium (LD)? We have developed
five different methods for detecting the SNPs associated with
IL-28B and compared their accuracies to establish the most
efficient genotyping method. The response to PEG-IFN/RBV
treatment was evaluated, when the SNPs associated with IL-
28B were not in LD, to determine the best SNP to predict the
response to PEG-IFN/RBV treatment.

MATERIALS AND METHODS

Study population. Samples were obtained from 708 Japanese chronic hepatitis
C patients and divided into groups of 292 patients (145 males and 147 females;
mean age, 57.2 years) and 416 patients (194 males and 222 females; mean age,
56.6 years) for the first and second stages (Table 1). In the first stage, we focused
on analyzing the effective methods for determining the genotypes of four SNPs
(rs11881222, rs8103142, rs12979860, and rs8099917) associated with IL-28B (Fig.
1A). Figure 2 shows the locations of these four SNPs in chromosome 19;
rs11881222 and rs8103142 are located in the IL-28B gene, and rs12979860 and
rs8099917 are located downstream from the IL-28B gene. The results of geno-
typing the four SNPs by five different methods, described below, were compared
and evaluated for consistency. For this first stage, the 292 chronic hepatitis C
patients were recruited from the National Center for Global Health and Medi-
cine, Hokkaido University Hospital, Tonami General Hospital, and Shin-Kokura
Hospital in Japan (Table 1). From the results of the first stage, the InvaderPlus
assay was chosen as one of the best methods to determine the genotypes of the
four SNPs associated with IL-28B and was used for genotyping 416 patients (Fig.

TABLE 1. Characteristics of the patients examined

Parameter

Result for:

1st stage
(n � 292)

2nd stage
(n � 416)

Age (yr) 57.2 � 10.2 56.6 � 10.9

No. of patients male/female 145/147 194/222

No. (%) of patients in institutiona:
1 18 (6.2) 0 (0)
2 178 (61.0) 0 (0)
3 57 (19.5) 0 (0)
4 39 (13.3) 0 (0)
5 0 (0) 249 (59.9)
6 0 (0) 94 (22.6)
7 0 (0) 52 (12.5)
8 0 (0) 21 (5.0)

a Institutions: 1, The Research Center for Hepatitis and Immunology, Na-
tional Center for Global Health and Medicine; 2, The Center for Liver Diseases,
Shin-Kokura Hospital, Kitakyushu; 3, Tonami General Hospital, Tonami; 4,
Department of Internal Medicine, Virology and Liver Unit, Hokkaido University
Graduate School of Medicine, Sapporo; 5, Clinical Research Center, NHO
Nagasaki Medical Center, Nagasaki; 6, Nagoya City University Graduate School
of Medical Sciences, Nagoya; 7, Department of Gastroenterology and Hepatol-
ogy, Nagoya Daini Red Cross Hospital; and 8, Division of Gastroenterology,
Department of Medicine, Kawasaki Medical School, Okayama.

FIG. 1. Schema for the flowchart of the examinations.
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1B), recruited from NHO Nagasaki Medical Center, Nagoya City University
Hospital, Nagoya Daini Red Cross Hospital, and Kawasaki Medical University
Hospital in Japan, in the second stage (Table 1). We then focused on 10 patients
whose four SNPs were found in the first and second stages not to be in LD and
investigated the response to PEG-IFN/RBV treatment in detail for these pa-
tients. Informed consent was obtained from each patient who participated in the
study. This study was conducted in accordance with provisions of the Declaration
of Helsinki.

Definition of treatment responses. Nonvirological response (NVR) was de-
fined as less than a 2-log-unit decline in the serum level of HCV RNA from the
pretreatment baseline value within the first 12 weeks or detectable viremia 24
weeks after treatment. Virological response (VR) was defined in this study as the
achievement of sustained VR (SVR) or transient VR (TVR); SVR was defined
as undetectable HCV RNA in serum 6 months after the end of treatment,
whereas TVR was defined as a reappearance of HCV RNA in serum after
treatment was discontinued in a patient who had undetectable HCV RNA during

the therapy or had achieved a more than 2-log-unit decline within the first 12
weeks after treatment.

DNA extraction. Whole blood was collected from all participants and centri-
fuged to separate the buffy coat. Genomic DNA was extracted from the buffy
coat with Genomix (Talent SRL, Italy).

Five different genotyping methods. Four SNPs (rs11881222, rs8103142,
rs12979860, and rs8099917) (Fig. 2) were determined in 292 patients by five
different genotyping methods. We developed the five methods (direct sequenc-
ing, high-resolution melting analysis [HRM], hybridization probe (HP), Invader-
Plus assay (Invader), and the TaqMan SNP genotyping assay (TaqMan) to
determine the genotypes of the rs11881222 and rs8103142 polymorphisms. We
also developed four different methods (direct sequencing, HRM, HP, and In-
vader) to determine the genotypes of the rs12979860 and rs8099917 polymor-
phisms. The genotype of rs12979860 was also determined by the TaqMan geno-
typing method developed by Duke University, and the genotype of rs8099917 was
also determined with the TaqMan predesigned SNP genotyping assay. Figures 3,

FIG. 2. Location of interferon lambda genes and the four SNPs (rs11881222, rs8103142, rs12979860, and rs8099917) associated with IL-28B.
chr19, chromosome 19.

FIG. 3. The nucleotide sequence around rs8099917 is shown. Primers and probes for four different methods (Sequence, direct sequencing;
HRM, high-resolution melting analysis; HP, hybridization probe; Invader, InvaderPlus assay) to determine rs8099917 polymorphism are shown.
F, forward primer; R, reverse primer.
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4, and 5 show the primers and probes for each genotyping method. Because the
sequence of IL-28B is very similar to those of IL-28A, IL-29, and a homologous
sequence upstream of IL-28B, we had to design the primers and probe for each
method to distinguish IL-28B from the other sequences. First, primers were
designed with Visual OMP Nucleic Acid software, and then we confirmed that
the candidate primers should not amplify sequences other than the target region
by using UCSC Genome Browser. Next, we confirmed that the amplicon was
resolved as a single band, when the PCR products amplified by the primers under
evaluation were electrophoresed. Finally, we had to optimize each set of primers
and probe for each method (Fig. 3 to 5; see the table in the supplemental
material).

Direct sequencing. PCR was carried out with 12.5 �l AmpliTaq Gold 360
master mix (Applied Biosystems), 10 pmol of each primer, and 10 ng of genomic
DNA under the following thermal cycler conditions: stage 1, 94°C for 5 min;
stage 2, 94°C for 30 s, 65°C for 30 s, 72°C for 45 s, for a total of 35 cycles; and
stage 3, 72°C for 7 min. For sequencing, 1.0 �l of the PCR products was
incubated with the use of a BigDye Terminator v3.1 cycle sequencing kit (Ap-
plied Biosystems). After ethanol purification, the reaction products were applied
to the Applied Biosystems 3130xl DNA analyzer.

HRM analysis. HRM analysis was performed on a LightCycler 480 (LC480;
Roche Diagnostics) as described previously (5, 15, 24). We designed pairs of
primers flanking each SNP (Fig. 3 to 5) to amplify DNA fragments shorter than
200 bp. PCR was performed in a 20-�l volume containing 10 �l LightCycler 480
high-resolution melting master mix (Roche Applied Science), 4 pmol of each
primer, and 10 ng genomic DNA. The cycling conditions were as follows: SYBR
green I detection format, 1 cycle of 95°C for 10 min and 50 cycles of 95°C for 5 s,
60°C for 10s, and 72°C for 20 s, followed by an HRM step of 95°C for 1 min, 40°C
for 1 min, and 74°C for 5 s and continuous acquisition to 90°C at 25 acquisitions
per 1°C. HRM data were analyzed with Gene Scanning software (Roche Diag-
nostics).

Hybridization probe. We designed oligonucleotide primers and hybridization
probes for the four SNPs (Fig. 3 to 5). All assays were performed with the LC480
as described previously (4, 18). The amplification mixture consisted of 4 �l of 5�
reaction mixture (LightCycler 480 genotyping master; Roche Diagnostics), 5
pmol of each oligonucleotide primer, 3.2 pmol of each oligonucleotide probe,
and 10 ng of template DNA in a final volume of 20 �l. Samples were amplified

as follows: 45 cycles of denaturation at 95°C for 10 s, annealing at 60°C for 10 s,
and extension at 72°C for 20 s. The generation of target amplicons for each
sample was monitored between the annealing and elongation steps at 610 and
640 nm. Samples positive for target genes were identified by the instrument at the
cycle number where the fluorescence attributable to the target sequences ex-
ceeded that measured as background. Those scored as positive by the instrument
were confirmed by visual inspection of the graphical plot (cycle number versus
fluorescence value) generated by the instrument.

InvaderPlus assay. The InvaderPlus assay, which combines PCR and the
Invader reaction (11, 12), was performed with the LC480. The enzymes used in
InvaderPlus are native Taq polymerase (Promega Corporation, Madison, WI)
and Cleavase enzyme (Third Wave Technologies, Madison, WI). The reaction is
configured to use PCR primers with a melting temperature (Tm) of 72°C and
Invader detection probe with a target-specific Tm of 63°C. The Invader oligonu-
cleotide overlaps the probe by one nucleotide, forming at 63°C an overlap flap
substrate for the Cleavase enzyme. The first step of InvaderPlus is PCR target
amplification, in which the reaction is subjected to 18 cycles of a denaturation
step (95°C for 15 s) and hybridization and extension steps (70°C for 1 min). At
the end of PCR cycling, the reaction mixture is incubated at 99°C for 10 min to
inactivate the Taq polymerase. Next, the reaction temperature is lowered to 63°C
for 15 to 30 min to permit the hybridization of the probe oligonucleotide and the
formation of the overlap flap structure. Data were analyzed by endpoint geno-
typing software (Roche Diagnostics).

TaqMan assay. The rs8099917 polymorphism was determined by using
TaqMan predesigned SNP genotyping assays, as recommended by the manufacturer.
The TaqMan assay for determination of the genotype of rs12979860 was kindly
provided by David B. Goldstein at Duke University. We designed primers and
probes for TaqMan genotyping assays for the other two SNPs. Each genomic
DNA sample (20 ng) was amplified with TaqMan universal PCR master mix
reagent (Applied Biosystems, Foster City, CA) combined with the specific
TaqMan SNP genotyping assay mixture, corresponding to the SNP to be genotyped.
The assays were carried out using the LC480 (Roche Applied Science) and the
following conditions: 2 min at 50°C and 10 min at 95°C, followed by 40 cycles of
15 s at 95°C and 1 min at 60°C. Data were analyzed by endpoint genotyping
software (Roche Diagnostics).

FIG. 4. The nucleotide sequence around rs11881222 and rs8103142 is shown. Primers and probes for five different methods (Sequence, direct
sequencing; HRM, high-resolution melting analysis; HP, hybridization probe; Invader, InvaderPlus assay; TaqMan, TaqMan assay) to determine
rs11881222 and rs8103142 polymorphisms are shown. F, forward primer; R, reverse primer.
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RESULTS

Genotyping for four SNPs associated with IL-28B was
unsuccessful by HRM in five cases. Figure 1A shows the
patients’ flowchart of the first stage. Genotyping of four
SNPs (rs11881222, rs8103142, rs12979860, and rs8099917) was
attempted by five different methods (direct sequencing, HRM,
HP, Invader, and TaqMan) for 292 patients. In five cases, one
of the four SNPs could not be genotyped by HRM. Therefore,
we excluded the HRM method from further study. The geno-
typing failures by HRM involved two cases for rs11881222, two
cases for rs8103142, and one case for rs8099917.

Consistencies of four different methods to determine geno-
types for four SNPs associated with IL-28B. Consistencies
among the results of genotyping by the remaining four meth-
ods were 100%, except for the results for rs8099917 (Table 2).
For rs8099917, the results determined by direct sequencing
were inconsistent with the other three methods in two cases
(Tables 2 and 3). The HP, TaqMan, and Invader methods were
accurate and reliable for genotyping the four SNPs associated
with IL-28B. Invader was chosen for genotyping in the second
stage, because the analysis time was the shortest and the sen-

FIG. 5. The nucleotide sequence around rs12979860 is shown. Primers and probes for four different methods (Sequence, direct sequencing;
HRM, high-resolution melting analysis; HP, hybridization probe; Invader, InvaderPlus assay) to determine rs12979860 are shown. F, forward
primer; R, reverse primer.

TABLE 2. Determination of four SNPs associated with IL-28B by
four different methodsa

SNP Genotype

No. (%) of cases with genotype by:

Direct
sequencing HP Invader TaqMan

rs11881222 AA 199 (69.3) 199 (69.3) 199 (69.3) 199 (69.3)
AG 84 (29.3) 84 (29.3) 84 (29.3) 84 (29.3)
GG 4 (1.4) 4 (1.4) 4 (1.4) 4 (1.4)

rs8103142 TT 199 (69.3) 199 (69.3) 199 (69.3) 199 (69.3)
TC 84 (29.3) 84 (29.3) 84 (29.3) 84 (29.3)
CC 4 (1.4) 4 (1.4) 4 (1.4) 4 (1.4)

rs12979860 CC 198 (69.0) 198 (69.0) 198 (69.0) 198 (69.0)
CT 85 (29.6) 85 (29.6) 85 (29.6) 85 (29.6)
TT 4 (1.4) 4 (1.4) 4 (1.4) 4 (1.4)

rs8099917 TT 204 (71.1) 202 (70.4) 202 (70.4) 202 (70.4)
TG 79 (27.5) 81 (28.2) 81 (28.2) 81 (28.2)
GG 4 (1.4) 4 (1.4) 4 (1.4) 4 (1.4)

a There was 100% consistency for rs11881222, rs8103142, and rs12979860, and
there was 99.3% consistency for rs8099917.
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sitivity was the greatest of the three methods (HP, TaqMan,
and Invader), as reported previously (20).

Genotyping error for rs8099917 by direct sequencing due
to novel SNP. In two cases, the results of genotyping for
rs8099917 by direct sequencing were inconsistent with the re-
sults by the other methods (Table 3). Direct sequencing deter-
mined the genotype for rs8099917 as T/T in cases 1 and 2;
however, the other three genotyping methods (HP, Invader,
and TaqMan) determined the genotypes for rs8099917 as T/G
in both cases. Further study using alternative primers for direct
sequencing revealed that the correct genotypes were T/G and
revealed a novel minor SNP present in the forward primer
binding site in these two cases (data on file) and which inter-
fered with the PCR amplification step (Fig. 3).

Distribution of haplotypes among four SNPs associated
with IL-28B. In the first stage, the four SNPs were in LD in 281
(98.6%) of 285 cases and not in LD in the remaining 4 (1.4%).
The first stage revealed five different haplotypes (no. 1 to 5 in
Table 4). In haplotypes 1 to 3, the four SNPs were in LD
(haplotype 1, homozygous of the major allele among 4 SNPs;
n � 198 [69.5%]; haplotype 2, heterozygous among 4 SNPs;
n � 79 [27.7%]; and haplotype 3, homozygous of the minor
allele among 4 SNPs; n � 4 [1.4%]). In haplotype 4 (3 cases)
rs11881222, rs8103142, rs12979860, and rs8099917 were AG,
TC, CT, and TT, respectively. In haplotype 5 (one case),
rs11881222, rs8103142, rs12979860, and rs8099917 were AA,
TT, CT, and TT, respectively. Genotyping by the Invader
method of the four SNPs associated with IL-28B in 416 pa-
tients in the second stage revealed that the four SNPs were not
in LD in 6 cases (1.4%) (Table 4). A total of 410 (98.6%) of
416 cases were in LD for the four different SNPs. The second
stage showed six different haplotypes (haplotypes 1 to 4, 6, and
7). Haplotypes 1 to 4 were detected in the first stage, but
haplotypes 6 and 7 were not. The distribution of haplotypes
was such that haplotypes 1, 2, 3, and 4 were found in 294
(70.7%), 110 (26.5%), 6 (1.4%), and 4 (1.0%) cases, respec-
tively. In haplotype 6 (one case), rs11881222, rs8103142,
rs12979860, and rs8099917 were AG, TT, CC, and TT, respec-
tively. In haplotype 7 (one case), rs11881222, rs8103142,
rs12979860, and rs8099917 were AA, TT, CT, and TG, respec-
tively.

Response to PEG-IFN/RBV treatment in 10 cases in which
the four SNPs associated with IL-28B were not in LD. In 7
(cases 1 to 7 [70%]) of the 10 cases where the four SNPs were
not in LD, the haplotype was such that rs11881222, rs8103142,
rs12979860, and rs8099917 were AG, TC, CT, and TT, respec-
tively (Table 5). In nine cases (cases 1 to 9), rs8099917 was
homozygous for the major allele, while one or more of the
other SNPs were heterozygous. Eight (cases 1 to 8) of these

nine cases were viral responders who met the following crite-
ria: HCV had disappeared during therapy, or HCV RNA had
decreased more than 2 log copies/ml before 12 weeks after
beginning of therapy, although some cases were under treat-
ment or before determination of the final response to PEG-
IFN/RBV. Case 9 was NVR due to poor adherence of PEG-
IFN (�50% dose), even though rs8099917 was homozygous
of the major allele. The haplotype of case 9 showed that
rs11881222, rs8103142, rs12979860, and rs8099917 were AA,
TT, CT, and TG, respectively. NVR in case 10 was reasonable
from the genotypes of rs8099917 and rs12979860, because they
were heterozygous, although rs11881222 and rs8103142 were
homozygous for the major allele.

DISCUSSION

The relationship between SNPs associated with IL-28B and
the response to PEG-IFN/RBV therapy for chronic hepatitis C
was found by SNP array, using GWAS technology, by three
different groups throughout the world, including our own, in
2009 (6, 19, 21). Following these reports, many studies have
confirmed the association between the response to PEG-IFN/
RBV and SNPs associated with IL-28B (14, 16). Therefore, it
is obvious that these SNPs may be valuable for predicting the
response to PEG-IFN/RBV therapy. Recently, it was reported
that various SNPs were associated with development of disease
and response to therapy and correlated with adverse effects.
Several SNPs, such as the UGT1A1 polymorphism for the
treatment with irinotecan (1, 17), have already been exploited
in clinical practice to avoid severe adverse effects. These
tailor-made therapies are expected to become more com-
mon in clinical practice in the near future (9). The next step
toward tailor-made therapy for PEG-IFN/RBV therapy
against chronic hepatitis C involved the development of sim-
ple, accurate, and inexpensive methods to determine the ge-
notype of SNPs and determination of the best SNP where the
four SNPs associated with IL-28B were not in LD, so that they
may be applied in clinical practice.

Genotyping of IL-28B SNPs is quite different from other
SNPs, because the sequence of IL-28B is very similar to those
of IL-28A, IL-29, and an additional homologous sequence
upstream of IL-28B (Fig. 2). We had to design primers and
probes for each method to distinguish IL-28B specifically. We

TABLE 4. Distribution of haplotypes among four SNPs associated
with IL-28B in stages 1 and 2

Stage Haplotype
no.

Genotype for SNP: No. (%) of
cases with
haplotype

shownrs11881222 rs8103142 rs12979860 rs8099917

1 1 AA TT CC TT 198 (69.5)
2 AG TC CT TG 79 (27.7)
3 GG CC TT GG 4 (1.4)
4 AG TC CT TT 3 (1.0)
5 AA TT CT TT 1 (0.4)

2 1 AA TT CC TT 294 (70.7)
2 AG TC CT TG 110 (26.5)
3 GG CC TT GG 6 (1.4)
4 AG TC CT TT 4 (1.0)
6 AG TT CC TT 1 (0.2)
7 AA TT CT TG 1 (0.2)

TABLE 3. Inconsistency in two cases between rs8099917
genotyping by direct sequencing and three other methods

Case no.

rs8099917 genotype bya:

Direct
sequencing HP Invader TaqMan

1 T/T T/G T/G T/G
2 T/T T/G T/G T/G

a Homozygous genotypes are highlighted in boldface.
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think that the results in this paper are especially applicable to
IL-28B genotyping. In this study, only HRM failed to deter-
mine the genotype of SNPs associated with IL-28B. The reason
HRM failed more frequently than the other genotyping meth-
ods is attributable to the characteristics of this specific method.
Because HRM determines the genotype of each SNP by dis-
tinguishing the melting curve of an amplicon of around 200 bp,
it may tend to be influenced by another SNP. As a matter of
fact, minor SNPs around rs8099917 were found in cases of
genotyping failure by HRM (data not shown). Although this
specific characteristic of the HRM method is useful for detect-
ing novel mutations or SNPs, it is not suitable for determina-
tion of the genotype of SNPs associated with IL-28B.

Direct sequencing erroneously reported the T/G genotype as
T/T for the rs8099917 polymorphism. We found that the cause
of this genotyping error was a novel rare SNP in the forward
primer binding site used for amplification and direct sequenc-
ing (data on file). Because this novel SNP was not registered as
an SNP in the NCBI database, the primer was designed at this
site. Since the novel SNP correlated with the rs8099917 poly-
morphism in LD, adenine for the novel SNP is present on the
same allele as guanine in the rs8099917 polymorphism. There-
fore, the forward PCR primer (AAGTAACACTTGTTCCTT
GTAAAAGATTCC) could not anneal to the binding site,
which was changed from guanine (G) to adenine (A) at the
underlined nucleotide position: only the allele which has T at
the rs8099917 was amplified, the genotype was determined as
T/T. Rare sequence variations not registered in the database,
might be present in the primer binding sites for amplifica-
tion and might be the cause of erroneous direct sequencing.
Ikegawa et al. reported that annealing efficiency in direct se-
quencing led to the mistyping of an SNP (10). Although our
results in this paper are especially applicable to IL-28B geno-
typing, it should be recognized that allele-dependent PCR am-
plification and erroneous typing can occur when SNPs are
genotyped by a PCR-based approach. Should SNPs associated
with IL-28B be found not to be in LD, it would be preferable
to confirm the genotype by another method.

In 10 cases, four SNPs associated with IL-28B were not in
LD. In seven (70%) of the 10 cases, the haplotype showed that

rs11881222, rs8103142, rs12979860, and rs8099917 were AG,
TC, CT, and TT, respectively. Only the rs8099917 polymor-
phism differed frequently from the other three SNPs. The
reason for the high frequency of this haplotype is thought to be
attributable to the location of these SNPs. The location of
rs8099917 is downstream and quite far from the two SNPs
(rs11881222 and rs8103142) in the IL-28B gene (Fig. 2). The
SNPs rs11881222 and rs8103142 were almost perfectly in LD,
because they are located close to each other.

It is well described that homozygosity for the major allele of
SNPs associated with IL-28B is correlated with a better re-
sponse to PEG-IFN/RBV treatment, and minor allele-positive
patients are poor responders. However, the response to PEG-
IFN/RBV remains unknown when several SNPs associated
with IL-28B are not in LD. Because cases in which the SNPs
are not in LD are quite rare, it was thought to be difficult to
study such cases. In this study, 10 (1.4%) of 708 patients
showed haplotypes in which the four SNPs were not in LD. We
focused on the response to PEG-IFN/RBV therapy in these 10
cases (Table 5). We evaluated the response to PEG-IFN/RBV
treatment from the viewpoint of virological response, because
some patients had not completed their PEG-IFN/RBV treat-
ment. (Case 3 was before determination for the final response
after finishing the treatment, and cases 4 to 6 were under
treatment.)

Thomas et al. reported that allele frequencies for
rs12979860 varied among racial and ethnic groups (23). In-
deed, the observation that the major allele is less frequent
among individuals of African descent than those of European
descent might explain the observed discrepancy in the frequen-
cies of viral clearance in these two ethnic groups, where clear-
ance occurs in 36.4% of HCV infections in individuals of non-
African ancestry, but in only 9.3% of infections in individuals
of African ancestry (22). We have recruited only Japanese
chronic hepatitis C patients for this study. Since the distribu-
tion of haplotype and response to PEG-IFN/RBV treatment
should vary among populations, further study will be necessary
for any other populations except Japanese.

We have shown that the rs8099917 polymorphism deter-
mined by Invader assay should be the best predictor of the

TABLE 5. Clinical characteristics of 10 cases in which the SNPs associated with IL-28B were not in LD

Case
no.a

SNP of IL-28Bb
Age
(yr) Gender Genotype Viral

titer
Final response to
PEG-IFN/RBV VR or NVR

Period of
disappearance of

HCVrs11881222 rs8103142 rs12979860 rs8099917

1 A/G T/C C/T T/T 64 Female 1b 6.5 TR VR 4 wk
2 A/G T/C C/T T/T 72 Male 1b 2.9 SVR VR 4 wk
3 A/G T/C C/T T/T 64 Male 1b 7 NDc VR 8 wk
4 A/G T/C C/T T/T 51 Female 1b 7.2 Under treatment VR 3.6 log units down

after 12 wk
5 A/G T/C C/T T/T 60 Female 2 5.8 Under treatment VR 12 wk
6 A/G T/C C/T T/T 56 Female 1b 5.9 Under treatment VR 2.0 log units down

after 2 wk
7 A/G T/C C/T T/T 62 Male 1b 5.4 SVR VR 4 wk
8 A/G T/T C/C T/T 58 Male 1b 6.2 TR VR 12 wk
9 A/A T/T C/T T/T 68 Male 1b 7 NVR NVR —d

10 A/A T/T C/T T/G 48 Female 1b 6 NVR NVR —

a All cases shown were treated with PEG-IFN/RBV.
b Homozygous genotypes are highlighted in boldface.
c ND, not determined. The final response to PEG-IFN/RBV was not determined in this patient because 6 months had not passed after the end of treatment.
d —, HCV did not disappear.
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response to PEG-IFN/RBV in Japanese chronic hepatitis C
patients.
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